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FIGURE 6.1 A schematic diagram of the
geologic environment present during the for-
mation of sandstone-type U deposits.

Fluvial
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by organic material, pyrite, or marcasite and perhaps by met-
astable sulfur species such as sulfite and thiosulfate (Granger
and Warren, 1969). Carbonaceous material does not become
enriched within the roll-front deposit itself. As with most sand-
stone-U deposits, the roll fronts of the Gas Hills, Crooks Gap,
Powder River Basin, and Shirley Basin are spatially related to
volcanic-rich sediments of the overlying White River Forma-
tion. It is noteworthy that these districts are distributed more
or less around the Granite Mountains, which contain relatively
uraniferous and deeply leached granites, Although field rela-
tions generally support the formation of the deposits through
the reduction and precipitation of U from oxidized waters, the
specific source of the U remains poorly defined.

The U deposits of the Texas Coastal Belt occur principally
within Tertiary beds below and above (and sometimes within)
a bentonite-rich formation. Most deposits occur at, or close to,
the boundary between oxidized (up-dip) and reduced (down-
dip) sandstone. Habits of the deposits are in some cases clearly
roll-fronts, whereas in other places they assume more tabular
forms and appear to have had more than one stage of devel-
opment. Pyrite is present and in some cases abundant. The
amount of carbonaceous material in ore varies from relatively
abundant to none, in which case sulfide is abundant. Unlike
the Wyoming roll-front districts, some deposits in Texas are
related to normal faults parallel or subparallel to the Gulf Coast.
Sulfur isotope data suggest that H2S has been introduced from
underlying formations into the sandstones along these faults,
thereby producing pyritiferous reduced zones against which U
deposits were precipitated from more oxidized groundwaters.

Other important sandstone-U deposits occur in the Colorado
Plateau and Basin and Range Provinces within arkosic sands
that are, or were, permeable and that occur in juxtaposition to
volcanic-rich sediments. Some contain significant amounts of
V (Uravan Mineral Belt). Detrital or remobilized carbonaceous
material is present in most of these deposits. In summary,
sandstone-U deposits appear generally to have formed through
precipitation of U from moving groundwaters carrying oxidized
U, probably as carbonate complexes, by reduction with detrital
carbonaceous material, remobilized humates, or H2S. With the
exception of the deposits of the Texas coastal region, the re-
ductant appears to have been indigenous to the ore-bearing
formation. Proximity to volcanic-bearing sediments suggests
that they were the source for the U.

The empirical observations and tentative genetic models for
sandstone deposits described above are providing a useful basis
for current U exploration. The genetic understanding of most
of these deposits, however, is sufficiently incomplete that target
areas may either be overlooked or may be the object of inef-
ficient exploration. Gaps exist in knowledge of compaction,
dewatering, and alteration of the bentonitic sediments that are
the probable sources for the U. Also unknown is the duration
of processes of U concentration into mineable deposits. Because
of the low solubility and low abundance of U, ore concentrations
imply transport by substantial quantities of groundwater, re-
quiring a stable, but dynamic, groundwater system. Conse-
quently, the diagenesis, lithification, alteration, and hydrology
of continental sedimentary basins are particularly important
and deserve expanded study.

The chronologic sequence of events is also uncertain. Is pre-
concentration into enriched source rocks necessary prior to the
formation of ore deposits? The significance of prestructural and
poststructural events and the importance of the time of struc-
tural development need to be clarified. Are there significant
U concentrations that formed entirely after diagenesis and lith-
ification of the host sediments?

DEPOSITS IN METAMORPHIC ROCKS

Two important types of U deposits occur in metamorphic rocks.
Examples of the first type, the Proterozoic unconformity and
strata-related types, are the Alligator Rivers district, Northern
Territory, Australia, and the Athabasca region of northern Sas-
katchewan, Canada. Both deposits occur in lower Proterozoic
metamorphic rocks immediately below a middle Proterozoic
unconformity. These deposits constitute approximately 23 per-
cent of the current world reserves (see Table 6.1). The second
type, the migmatitic type, includes the Rossing deposit in
southwest Africa and the deposits in the vicinity of Johann
Beetz, Quebec, Canada, which are typical of deposits occurring
in metamorphic terrains that have experienced deformation
and partial melting as evidenced by the development of mig-
matites, pegmatites, and granites. Other occurrences of U in
metamorphic rocks are insignificant when compared with these
two types of occurrences.

The deposits related to the lower-middle Proterozoic un-
conformity generally occur immediately below an unconformity